Two experiments were conducted to quantify the effects of lasalocid on the performance and energy partitioning of cattle fed a 90% concentrate, barley-based diet. Experiment 1 utilized 100 Hereford heifers (initial weight 308 kg) fed diets containing no added ionophore, lasalocid added at 24, 36 or 54 mg/kg dry matter (DM), or monensin added at 33 mg/kg DM. In the 98-d trial, lasalocid-fed heifers gained an average of 1.35 kg daily, whereas control heifers gained 1.24 kg (P=. 12). Heifers fed lasalocid (36 or 54 mg/kg DM), monensin, and the control diet required 6.2, 6.5 and 6.9 kg DM/kg gain, respectively (P>.I). Ionophores had no influence on carcass quality. In Exp. 2, four steers (616 kg) were fed the control or lasalocid diet (36 mg/kg DM) at daily feeding levels of 21, 44, 67 and 89 g DM/kg body weight'V5; fecal, urinary, methane and heat losses were measured by total collection and indirect calorimetry methods. The proportion of digestible energy lost as methane averaged 7.5% for steers fed the control diet and 7.1% for the steers fed lasalocid (P<. 1). Lasalocid improved (P<.05) the metabolizable energy (ME) density of the diet by 8, 8 and 5% at the 21, 44 and 67 g DM feeding levels. There was no difference (P>.I) between diets in ME density at the 89 g DM feeding level. The net energy for maintenance (NEm) value of the diet was increased (P<.05) by 10 to 21% with lasalocid, whereas the net energy for gain (NEg) value was not affected. Average heat productions of the steers were increased (P<.05) by 7% with lasalocid. The ME requirement for maintenance was estimated at 84 and 81 kcal/kg body weight 75 from linear regressions of energy retention and ME intake above maintenance for the control and lasalocid diets, respectively. Corresponding estimates using a semilog-linear method were 90 and 92. No differences (P>. 1) in blood concentrations of insulin, glucagon or growth hormone were observed with the ionophore treatment. It was concluded that the main method by which lasalocid improved feed conversion was by increasing the ME density of the diet.
Introduction
Lasalocid, a carboxylic ionophore, has improved feed efficiency and rate of gain in ruminants fed high-concentrate (Brethour, 1979; Brown and Davidovich, 1979; Berger et al., 1981b) and high-roughage diets (Thonney et al., 1981; Gutierrez et al., 1982; Spears and Harvey, 1984) . There is, however, limited in1This work was supported by Hoffmann-La Roche ltd., Etibicoke, Ontario and the Alberta Agricultural Research Trust.
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5Dept. of Anita. Sci. Received February 9, 1987 . Accepted July 21, 1987 formation concerning the reasons for the improved energy retention when lasalocid is fed. Berger et al. (1981b) and Paterson et al. (1983) could not detect any changes in digestibility when lasalocid was included in the diet. A reduction in methane production has been reported in in vitro studies with lasalocid (Bartley et al., 1979; Fuller and Johnson, 1981) , but in vivo measurements are lacking. Although it is known that lasalocid causes an increased molar proportion of propionate in the rumen (Bartley et al., 1979; Spears and Harvey, 1984) , no measurements concerning the partitioning of losses of digested energy when lasalocid is fed are available. Byers (1980) has suggested that the energy requirement of the animal for maintenance may be reduced when an ionophore is fed, and this possibility deserves further study.
The objectives of this research were to quantify the effects of lasalocid on performance and to determine the mechanisms by which these responses were mediated.
Materials and Methods
Experiment 1. One hundred heifers of predominantly Hereford breeding were purchased from a local commission firm for this experiment. Upon arrival the heifers were ear-tagged, given a 2-ml im injection containing 1 million, 300,000 and 100 IU of vitamins A, D and E, respectively, and vaccinated with Coopavax-86 vaccine, as well as with Infectious Bovine Rhinotracheitus 7 vaccine. The heifers were treated with Tramisol s oblets for worm control. No growth-promotant implants were used. The heifers were fed cereal and grass silage and hay during a 25-d adjustment period. Three days before the end of the adjustment period, 1.8 kg of barley dry matter (DM) were included in the diet of each heifer.
The heifers were ranked according to live weight and were separated into two groups, one heavy (327 kg initial weight) and one light (290 kg initial weight). Each group of heifers was randomly allotted to 10 pens (4 x 8 m) that were partially covered by open-front sheds. Five dietary treatments were imposed on the heifers such that there were five heifers per pen and two pens per treatment within each of the two sheds.
At the beginning of the 98-d experimental feeding period, a diet containing 45% concentrate and 55% chopped alfalfa-grass hay was offered. The concentrate portion of the diet was increased 15% every 5 d, thus on d 15 the final diet consisted of 90% concentrate and 10% forage (table 1). The amount of lasalocid 9 added to the concentrate portion of the diet was varied during the initial 15-d period to ensure that there was a uniform concentration of drug (0, 24, 36 and 54 mg/kg DM) in the total diet throughout the feeding period. Monensin was added to the concentrate to provide a level of 11 mg/kg dietary DM in the first 28 d and 33 mg/kg dietary DM for the remainder of the experiment. All heifers were given ad libitum access to their respective diets with no free-choice access to supplemental salt or minerals. Initial and final weights were averages of weights taken on three consecutive days. Heifers were weighed every 2 wk throughout the feeding period. Feed was removed and water withheld approximately 16 h before all weights were taken.
The heifers received their experimental diet at a slightly reduced feeding level for 3 d after the last weigh day, then they were slaughtered at a local abbatoir. Hot carcass weights were obtained and dressing percentages were calculated on the basis of these weights and the final feedlot weight. Carcasses were graded, and ribeye area and back fat depths (average at top, middle and bottom of ribeye between the 1 lth and 12th rib) were measured by Agriculture Canada personnel (Canada Agricultural Products Standards act, 1978) .
Samples of hay and of each concentrate mixture were obtained at various times during the 98-d experiment. Individual samples were analyzed for DM by drying at 110 C in a forcedair oven to a constant weight. Crude protein was determined by the Kjeldahl procedure (AOAC, 1980) , calcium by atomic absorption spectroscopy (AOAC, 1980) and phosphorus with the molybdovanadate reagent (AOAC, 1980) . Carcass data on individual heifers were analyzed by analysis of variance with diet, weight group and pen as sources of variation (Steel and Tome, 1980) . Pen means for DM intake, weight gain and DM per gain were analyzed similarly. There were no significant interactions between diet and weight group. Where treatment means were significantly different they were compared by Student-Newman-Keuls' test (Steel and Tome, 1980) . Experiment 2. Four mature steers (616 kg) of mixed breeding (predominately Hereford and Angus, plus varying amounts of Galloway, Limousine and Charolais), which had previously been adapted to metabolism crates and a confinement respiration chamber, were used to measure the effect of lasalocid on diet digestibility, metabolizability and metabolizable energy (ME) utilization. The steers were fed the same basal diet as used in Exp. 1 (table 1) with either 0 or 36 mg/kg DM of lasalocid added.
Measurements were made at four daily feeding levels (21, 44, 67 and 89 g DM/kg body weight "75) during each half of the experiment. Two steers were fed the control diet and two were fed the lasalocid-supplemented diet in the first half of the experiment; diets were switched for the latter half. One steer on each diet was assigned to the high feeding level and one to the low at the start of each half of the experiment, with the feeding level being adjusted in a stepwise fashion between each measurement.
Diets were fed at the assigned feeding level for a 14-d adaptation period. This was followed by a 7-d period during which a total collection of feces and urine was made. Calorimetry measurements were made in the following 24-h period. Steers were fed twice daily throughout the experiment except when fasting heat-production measurements were taken.
Two days before the heat-production measurements, steers were fitted with a jugular catheter for blood sampling. Blood samples were collected after the catheter had been inserted for 18 h. Three 10-ml blood samples were taken from each steer every 2 h for 10 h; the first sample was taken just before the morning feeding. Blood was collected into plain tubes without anticoagulant and placed on ice for insulin and growth hormone assays. Serum was separated from the cells by centrifugation as soon as possible after collection, usually within 20 min, and was stored frozen at -20 C in tightly sealed vials until analyzed. Blood for glucagon assays was collected in glass tubes containing 14 mg sodium ethylene diaminetetraacetate (Na-EDTA) (anticoagulant) and 1 mg aprotinin (proteolytic enzyme inhibitor), immediately placed on ice and then centrifuged. Plasma was stored at -20 C until analyzed.
Respired gases were measured with an opencircuit calorimetry system attached to an animal chamber. The system was similar to that described by Young et al. (1975) . Modifications to the system included addition of wet and dry bulb thermometers to replace the cold trap, used in the gas flow line to obtain the relative humidity of the air. The equation of Brouwer (1965) was used to calculate heat production.
Fasting heat-production measurements were made in steers during the 72-to 96-h period after the steers had been fed at the 44-g DM feeding level. Fasting heat production was also estimated by using the semilog-linear extrapolation method (Lofgreen and Garrett, 1968) and by linear extrapolation from data below maintenance.
The partial efficiency of ME utilization for gain (kg) was determined as the slope of the regression of retained energy (RE)/kg body weight "75 on ME/kg body weight "75 for intakes at maintenance and above. Net energy for gain content of the diet (NEg in Mcal/kg DM) was computed as the slope of the regression of RE/ body weight "75 on DM/body weight "75 for intakes at maintenance and above. Net energy for maintenance (NEn~ in~Mcal/kg DM) and the partial efficiency of ME use for maintenance (kin) were computed by determining responses in energy retention to incremental changes in feed and ME intake at below maintenance feeding levels. In addition, these values were computed by using the semilog-linear approach of Lofgreen and Garrett (1968) , using data from all intake levels.
An aliquot of daily fecal output was collected and stored at -20 C. At the end of each 7-d collection period the feces samples were dried at 60 C, ground and pooled to yield individual steer composites, which were stored at -20 C for later analysis. Daily urine output was collected in 100 ml 5N HC1 containing 1 g/liter mercuric chloride. Daily aliquots of urine were pooled and stored at -20 C.
In the second half of the experiment, ruminal fluid samples were also taken at 8 h after feeding. Samples were strained through two layers of cheesecloth, and a 5-ml aliquot was obtained. One ml of 25% metaphosphoric acid and 1 ml of caproic acid (3.6 mg/ml internal standard) were added to the aliquot. The sample was thoroughly mixed and centrifuged, and the clear supernatant was stored at -20 C until analysis.
Dry matter of the feed and feces was determined by oven drying at 110 C to a constant weight. Nitrogen in the feed, feces and urine was determined by the standard macro-Kjeldahl procedure (AOAC, 1980) . Gross energy content of the feed, feces and urine was determined by bomb calorimetry using an automatically controlled Parr adiabatic bomb calorimeter, lo Volatile fatty acid (VFA) concentrations were determined using a Bendix model 2526-1 gas chromatograph 11 with a flame ionization detector. The glass column was 1.22 m long and 3 mm in diameter and was packed with 80/100 mesh Chromosorb 10112. Column temperature was varied from 150 C to 190 C at 5 C/min.
Before determining hormone concentrations, serum or plasma samples for each hormone were pooled within steer and feeding level; the resulting composite sample was used for analysis. For each hormone, all samples were assayed in duplicate in one assay. Insulin concentrations were measured by a solid-phase radioimmunoassay procedure 13 with an intraassay coefficient of variation (CV) of 5.8%. Concentrations of glucagon were determined using a double-antibody technique 14. The intraassay CV was 9.6%. Growth hormone concentrations were analyzed using 125I-ovine growth hormone prepared using a modification of the procedure of Greenwood et al. (1963) and utilizing a double-antibody radioimmunoassay procedure (Laarveld et al., 1986) . Intraassay CV was 8% for this procedure.
The data were analyzed as a split-plot design using least-squares analysis of variance (Steel and Torrie, 1980 ). Feeding levels were tested against the period within feeding-level term. The treatment and treatment by feeding level interaction were tested against the error term. 14 125i.glucagon RIA kit, Cambridge Medical Diagnostics, Inc., Billerica, MA. quadratic and cubic effects by orthogonal comparisons (Steel and Torrie, 1980) .
Results

Experiment 1. Addition of monensin or
lasalocid to the basal diet did not affect feed consumption (P>.I) at any time during the feeding period (table 2) . Differences in growth rate (P<.05) were only apparent during the first 28 d of the experiment, at which time heifers fed 54 mg/kg lasalocid gained faster (P<.05) than controls and those fed 36 mg/kg lasalocid. In the overall experiment the daily gain of heifers fed the diets supplemented with lasalocid was 1.36 kg, which was not different (P =. 12) from the 1.24 kg for the control heifers or the 1.29 kg for the heifers fed monensin. Larger heifers grew faster (P<.05) than smaller heifers (1.36 vs 1.29 kg/d); however, there was no interaction (P>. 1) between initial weight of the heifers and growth response with lasalocid.
Heifers fed monensin or lasalocid at 54 mg/ kg required less (P<.05) DM/kg gain than did the control heifers in the first 28-d period (table  2) . Overall, heifers that received diets containing lasalocid at 36 or 54 mg/kg required 6.2 kg DM/kg gain, whereas monensin-fed and control heifers required 6.5 and 6.9 kg DM/kg gain (P<. 1), respectively.
Dietary treatment had no influence (P>.I) on carcass characteristics or incidence of abscessed livers (table 2) . Experiment 2. Nutrient intake and digestibilities are presented in table 3. No differences (P>. 1) were observed in energy or DM digestibility when the daily feeding level varied from 44 to 89 g DM/kg body weight "75. Digestibilities were, however, 8 digestibility units lower in steers fed at the 21-g DM level than in the steers given the 44-g DM level. Apparent N digestibility tended (P>.I) to decrease at higher intake levels (table 3). Lasalocid at 36 mg/kg had no effect (P>. 1) on digestibility of energy or DM. Nitrogen digestibility was improved (P<.05) by approximately 4% with the addition of lasalocid to the basal diet.
Energy losses in the steers are shown in table 4. Because of problems with the respiration chamber cooling system, 12 observations (two lasalocid and two control steers at the fasting and 44-g feeding levels, and one lasalocid and one control steer at each of the 21-and 89-g intake levels) were excluded from the calculations involving methane and heat production (HE). Mean percentages of gross energy intake (IE) lost in urine tended to decrease (P<.I) with increasing level of intake. Lasalocid had no influence on urinary energy losses (table 4) .
Percentage of IE lost as methane decreased (P<.01) with increasing feeding level from 9.9% at the 21-g DM feeding level to 5.8% of IE at 89 g DM (table 4). Methane production was not different (P>. 1) between lasalocid and control diets, averaging 7.5 and 7.1% of IE, respectively. However, methane losses expressed as a percentage of digestible energy (DE) tended to be reduced (P<. 1) by about 11% with lasalocid supplementation.
Metabolizable energy densities of the diets were not different at the three highest feeding levels, but were reduced (P<.05) at the lowest level of intake (table 4). Addition of lasalocid improved (P<.05) the average ME density of the diet by about 7%. Although the interaction between feeding level and ionophore treatment was not significant, it is of interest that lasalocid appeared to result in a larger increase in dietary ME concentration at the lower feeding levels than at the higher feeding levels (table 4). The addition of lasalocid to the basal diet had no effect (P>. 1) on kg (table 6) The ME requirement for maintenance (ME m of steers was not influenced (P>. 1) by lasalocid supplementation (table 6) .
Increasing the feeding level from 21 to 89 g DM/kg body weight "75 resulted in a reduction (P<.01) in the mean proportion of acetate from 71 to 54% of the total volatile fatty acids (VFA) in ruminal fluid, whereas the portion of propionate increased from 16 to 36%. No differences in the proportion of butyrate could be detected between the different feeding levels. Differences in VFA proportions were not affected (P>. 1) when the diet was supplemented with 36 mg/kg lasalocid, even though the acetate:propionate ratio dropped from 4.0 to 2.5.
Increasing the feeding level caused the concentrations of insulin in pooled blood samples ~Number of observations for methane energy losses: 2, 3, 4 and 3 for daily feeding levels of 21, 44, 67 and 89 g dry matter/kg body weight "75, respectively. dLinear feeding level effect (<.05). to increase (P<.01; table 7) and growth hormone to decrease (P<.01). Plasma glucagon concentrations in pooled samples were variable between steers and were not affected (P>. 1) by feeding level. Addition of lasalocid to the basal diet tended (P<.I) to decrease the concentrations of insulin in plasma but had no measurable effect on glucagon, growth hormone or the insulin:glucagon ratio.
Discussion
Feedlot Performance. Overall, the addition of lasalocid to the 90% concentrate diet tended (P<. 1) to improve feed conversions in feedlot heifers without a decrease in feed intake. Previous research indicates that addition of monensin to diets of feedlot cattle generally reduces feed consumption, causing little change in growth rate, with a resulting improvement in feed conversion (Raun et al., 1976; Pendlum et al., 1978; Dyer et al., 1980) . Lasalocid has also been found to reduce feed consumption, although not to the same extent as monensin, while causing either no change or an increase in growth rate and an improved feed conversion (Davis 1978; Bartley et al. 1979; Brethour, 1979; Brown and Davidovich, 1979; Berger et al., 1981b) . The lack of a significant reduction in feed intake when monensin or lasalocid was added to the basal diet in this experiment is similar to the results reported by Cohen and Cooper (1983) when steers were fed a 75% steam-rolled barley diet supplemented with monensin. Willis and Boling (1982) and Berger et al. (1981b) also found no change in feed intake of steers fed diets with a high corn content supplemented with monensin or lasalocid.
The 10% trend (P<.I) toward an improvement in feed conversion of the heifers fed diets containing the two highest levels of lasalocid (36 and 54 mg/kg) is within the range of values reported in the literature for animals fed similar types of diets supplemented with lasalocid (Brethour, 1979; Brown and Davidovich, 1979; Berger et al., 1981b) . Monensin improved feed conversion of the heifers by 6%. Although this change was not significant, it is similar to the mean improvement of 7.5% reported by Goodrich et al. (1984) from a summary of 228 trials involving over I 1,000 head of cattle. Compared with the control, neither monensin nor lasalocid significantly affected any of the carcass traits measured in this experiment. These findings are in agreement with results reported by Heinemann et al. (1978) , Dyer et al. (1980) and Cohen and Cooper (1983) .
Influence of Feeding Level and Lasalocid on DE and ME. There was a marked reduction in DE and ME content of the diet at the 21-g DM feeding level. Van Soest (1982) presented data suggesting that endogenous and bacterial excretion may represent a greater proportion of DM intake when cattle are fed at, or below, maintenance, which could explain these low apparent digestibility figures. The absence of a depression in digestibility of IE, DM and N with increased feed intake above maintenance in this trial contrasts with the results of Wedegaertner and Johnson (1983) . A decrease in digestibility of approximately 3% would also have been predicted from ARC (1980) data. However, Webster (cited by Wainman, 1977) has also noted that a small increase in digestibility may occur with increased feeding level when cattle are fed high-energy barley diets. Barley has a relatively high rate of digestion in the rumen (Berger et al., 1981a) , and only about 8% of barley organic matter is digested in the lower digestive tract (Garrett and Johnson, 1983) . This is in contrast to corn diets, with which 35 to 40% of the organic matter is digested distal to the rumen (Joanning et al., 1981) .
The relative decline in the percentage of IE lost as methane with increasing feed intake seen in this trial has been well documented in the literature (Blaxter and Clapperton, 1965; Flatt et al., 1969) , thus no decline in ME would be bEnergy was partitioned by the method of Lofgreen and Garrett (1968) .
c• values are standard errors.
aLasalocid different from control (P<.05).
eFive observations were used in the linear regression and 14 were used in the semilog-linear regression. predicted when the daily feeding level is raised from 44 to 89 g DM/kg body weight "75 (ARC, 1980) . Lasalocid had a slight positive, but nonsignificant, effect on digestibility. In a review of literature on the mode of action of monensin in the rumen, Schelling (1984) concluded that ionophores result in a slight to moderate improvement in the digestibility of DM, energy and N. Berger et al. (1981b) , feeding a highmoisture corn:corn silage diet, found that 30 and 45 g/ton lasalocid had no measurable effect on DM digestibility in steers. Paterson et al. (1983) , using lambs, also did not detect any change in digestibility of DM when lasalocid was added. The improvement in N digestibility of 4% is similar to the 4.6% increse in digestibility observed by Ricke et al. (1984) and to the 4 to 8% range of improvement reported by Paterson et al. (1983) .
A reduction in methane production with lasalocid in vitro has been reported by Bartley et al. (1979) and by Fuller and Johnson (1981) . In this experiment, the addition of lasalocid to the basal diet resulted in a nonsignificant decrease (5%) in methane production (table 4) ; however, the proportion of DE lost as methane tended (P<.I) to be reduced by 11%. Garrett (1982) , with steers fed a high-concentrate diet (10.1% acid detergent fiber), also reported that monensin had no influence on methane production. Other in vivo studies, in which high-concentrate diets supplemented with monensin were fed, have reported depressions in methane production from 16 to 30% (Joyner et al., 1979; Thornton and Owens, 1981; Wedegaertner and Johnson, 1983) . The explanation for this wide variation in effects of these ionophores on methane production remains unclear; however, it may be due in part to an adaptation of the ruminal microflora to the actions of the ionophores (Wallace et al., 1981) .
Energy losses in the urine were not affected (P>.I) by addition of lasalocid to the basal aDaily intake in grams dry matter/kilograms body weighf 75. bStandard error of mean for feeding level and treatment.
CLinear feeding level effect (P<.01).
dLinear feeding level effect (P<.05).
eDifferent from control (P<. 1).
fLinear feeding level effect (P<.I).
diet. Wedegaertner and Johnson (1983) reported similar results for cattle fed a corn:corn silage diet supplemented with monensin. Overall, lasalocid supplementation of the barley-based high-concentrate diet used in this experiment resulted in a 7% improvement (P< .05) in dietary ME density. This is within the range of 5 to 8% improvement in ME when monensin was included in the basal diets reported by Thornton and Owens (1981) and by Wedegaertner and Johnson (1983) . It is of interest that the improvement in dietary ME density was 8% at the 44 g DM/kg body weight "75 (near maintenance) feeding level, whereas it was only 4% at the 89-g DM feeding level. This suggests that a greater response with ionophores may be obtained at lower feeding levels, which agrees with the concept put forward by Byers (1980) .
The comparative effect of reductions in fecal and methane losses suggests that, considering all feeding levels, about 85% of the improvement in ME content of the diet was due to the decrease in fecal losses, with the remainder attributable to decreased methane losses. Wedegaertner and Johnson (1983) reported that decreased fecal losses explained 75% of the increased ME content of the diet and that reduced methane losses explained the other 25% when monensin was fed. Thornton and Owens (1981) have concluded that decreased fecal and methane losses explain most of the effect of ionophores on feed efficiency in feedlot cattle. In the present experiment this also appeared to be true. Using average ME values for the different diets obtained above maintenance, calculated ME intakes were 24.4 and 25.2 Mcal/d for control heifers and those fed 36 mg/kg, respectively. The .8 Mcal/d difference would be expected to correspond to slightly less than . 1 kg/d in gain for heifers of this weight (NRC, 1984) , which is close to the difference that was measured between the two treatment groups (table 2) . If no changes in energy requirements occurred, then this change in ME intake could account for the response of the cattle to the ionophore.
Energy Retention and Maintenance Requirements. Garrett (1982) has pointed out that when using the semilog-linear extrapolation method of Lofgreen and Garrett (1968) a precise estimate of dietary ME is essential in order to estimate accurately partial efficiencies above and below maintenance and diet NEm and NEg. In estimating dietary NE values, however, it is a common practice to use a single dietary ME value (Garrett, 1976; Byers, 1980; Wedegaertner and Johnson, 1983) . If a single dietary ME concentration determined at maintenance is assumed for all intakes, at higher intakes this value would usually be higher than actual and would result in a low estimate of kg and a high estimate of k m. In this experiment, in which the ME content of the diet increased slightly with intake, calculated kg values for the control and lasalocid-supplemented diets would have been .62 and .56, respectively, if the ME value for the diets at maintenance had been used in contrast to actual values of .57 and .58. The difference for the control diet emphasizes the importance of using ME values determined at each feeding level when assessing efficiencies of energy use.
Using ME values actually obtained at each feeding level, no difference was detected in the kg values for the control and lasalocid-supplemented diets (table 6 ). The insignificant (3,5%) increase in NEg content of the lasalocid diet was thus caused by the difference in ME content of the diet. The observation that lasalocid had no effect on kg is consistent with results reported for cattle fed diets supplemented with monensin (Byers, 1980; Garrett, 1982; Wedegaertner and Johnson, 1983) . The lack of change in kgwhen ruminal VFA proportions change is supported by several studies (Bull et al., 1970; Johnson, 1972; and Orskov et al., 1979) .
Measurements and estimates of fasting heat production of the steers ranged from 64 to 73 kcal/kg body weight "75 (tables 5 and 6). These values are less than the NRC (1984) estimate of 77 kcal and are closer to the ARC (1980) estimate of 72 kcal for 600-kg cattle. The energy intake of these steers was restricted to belowmaintenance before one-half of the measurements were taken, however; thus, lower estimates of fasting heat production would be expected (Koong et al., 1985) . In this experiment, when the semilog extrapolation procedure using feed intakes above maintenance was used to estimate fasting heat production for the control diet (table 6) , the values determined were nearly identical to the measured value for the steers while fasting (table 5) . However, when the same procedure was applied to the lasalocid diet, estimated fasting HE was about 5% less than the HE obtained with fasting steers but was greater than the control value. Predicting fasting metabolism by linear regression from below maintenance also resulted in a higher estimate of fasting HE for the lasalocid-supplemented group. Byers (1980) has proposed that the response in efficiency of cattle to ionophores is greater at or near maintenance and declines as the proportion of the diet utilized for gain increases. If this concept were true, it would imply that measurements taken at several points above maintenance would tend to underpredict HE with an ionophore at or below maintenance when the extrapolation procedure was used.
Estimated ME m requirements of the steers ranged from 71 to 92 kcal/kg body weight "75 (table 6) . A requirement for MEm of 114 kcal/ kg body weighf 75 would be predicted from NRC (1984) information for a diet containing 3 Mcal ME/kg, whereas ARC (1980) requirements are for approximately 96 kcal for this diet given to a 600-kg steer. In this experiment many measurements of heat production were taken after the steers had been given a diet that provided less than their maintenance requirements for energy. It is becoming evident that ME m requirements decrease when energy intakes are decreased (Koong et al., 1985) ; data from Ledger and Sayers (1977) indicated an 18 to 28% decrease in maintenance requirements in steers with a restricted energy intake Over a 24-wk period.
Estimation of MEre from the linear regression of RE/body weight "75 vs ME intake/body weight "75 above and below maintenance (table 6) indicated that lasalocid may have slightly reduced the ME required for maintenance. However, a 3 to 5% increase in ME m was predicted with the semilog-linear extrapolation procedure. Pressman (1973 Pressman ( , 1976 has proposed that lasalocid is capable of changing membrane potential by altering its permeability to Na and K. Such a change would necessitate an increased activity of the mechanisms that regulate intracellular ion concentrations and, in contrast to suggestions by Byers (1980) , would result in greater energy expenditures for maintenance. It is known that some monensin is absorbed into the animal (Donoho, 1984) , and it would be expected that lasalocid is as well. If so, it could contribute to an increased ME m and fasting HE in the animal.
Using the linear regression of RE body weight "75 for data below maintenance, the amount of DM required for maintenance (DMm) for the steers fed the diets containing lasalocid was 9% lower than for steers fed the control diet (table 6). Extrapolating from above maintenance using the semilog-linear procedure yielded similar results, although the magnitude of the difference was smaller (3%; table 6). Similar results were calculated by Byers (1980) ; increasing the ME content of his monensin diet by 10% resulted in a 4% increase in ME m and a 5% decrease in DM m when these values were estimated by the semilog-linear procedure.
It is now recognized that maintenance requirements are not constant and can change with increasing intake above maintenance (Turner and Taylor, 1983) ; thus, it is useful to estimate DMm with a linear regression from data points above maintenance. This procedure also predicted that steers fed the lasalocid diet would require 9% less DM than control steers to maintain energy equilibrium.
Estimates of km of .73 to .75 (table 6) obtained with the semilog-linear method of Lofgreen and Garrett (1968) were higher than the value of .69 reported by Garrett (1980) for a diet containing 2.9 Mcal/kg, but were identical to the .75 value suggested by ARC (1980) for this type of a diet. Estimates of k m obtained from linear regressions below maintenance gave a very high value of .93 for the efficiency of ME use for maintenance. This value, however, is within the 95% confidence interval reported by Blaxter (1967) when the efficiency of ME use for maintenance was determined in 58 trials with sheep and cattle.
Influence of Feeding Level and Lasalocid on Hormones. Increased feed intakes resulted in increased concentrations of insulin and reduced concentrations of growth hormone in this experiment (table 7) . Although these values must be interpreted with caution because they were obtained from pooled blood samples, and it is known that hormones such as growth hormone may be released into the circulation intermittently (Blair, 1983) , the results are similar to those reported by Bassett et al. (1971) , Bassett (1972) , Trenkle (1978) and de Jong (1981) . The latter author, using goats, reported that energy intake had no effect on plasma glucagon concentrations. In contrast, Bassett (1972) and Ostaszewski and Barej (1979) noted an increase in glucagon in sheep after feeding. Brockman (1982) has demonstrated that infusions of butyrate into the hepatic-portal vein at physiological concentrations significantly increased plasma ~glucagon concentrations; however, infusion of propionate had no effect. In our study, in which a high-concentrate diet was fed, large amounts of propionate would be expected to be absorbed from the rumino-reticulum, and thus no effect of feeding level on glucagon would be expected.
Supplementation of the basal diet with lasalocid tended to cause a decrease (P<. 1) in plasma insulin concentrations within the steers; glucacon concentrations were also slightly reduced. It is well known that insulin and glucagon have major roles in the regulation of glucose homeostasis in ruminants (McDowell, 1983 ). Insulin appears to be a storage hormone (Brockman, 1978) , facilitating the uptake of glucose, lipids and amino acids by peripheral tissue. Glucagon acts to balance this effect of insulin, promoting gluconeogenesis from amino acids and other glucose precursors, and it may also facilitate lipolysis in adipose tissue (McDowell, 1983) . Further, it is known that feeding ionophores can increase glucose turnover rates (Van Maanen et al., 1978) and decrease amino acid utilization for gluconeogenesis (Beede et al., 1980) . With this background it would have been predicted that insulin concentrations would have increased in response to the increased propionate absorption and greater ME intake when lasalocid was fed, which is the reverse of what tended to occur (table 7) . It is thought, however, that the molar ratio of insulin:glucagon is of more importance in controlling gluconeogenesis in ruminants than are the concentrations of either hormone alone (Bassett, 1975; McDowell, 1983) . In our experiment, molar ratios of insulin to glucagon were identical in control and lasalocid-supplemented steers (table 7) , which probably indicates that sufficient glucose precursors were available in both the control and lasalocid-fed steers.
No changes in growth hormone concentrations due to lasalocid supplementation could be observed in this experiment. Trenkle (1978) has suggested that the role of growth hormone in metabolism is to mobilize energy from adipose tissue when the availability of dietary nutrients becomes limiting, especially when demands are increased above maintenance or when intake falls below that required for maintenance.
In conclusion, heifers supplemented with lasalocid tended to have a better feed conversion than control heifers. There was an overall 7% improvement in ME density of the diet with lasalocid, with a nonsignificant trend for the improvement in ME to be greater at lower feeding levels. Improvements in ME were mainly zttributable to decreased fecal losses. The improvement in the ME density of the diet appeared to be the main method by which lasalocid improved feed conversion.
